Background: Scrub typhus (tsutsugamushi disease) is an endemic infectious disease in eastern Taiwan caused by Orientia tsutsugamushi. Methods: A total of 136 cases of scrub typhus were diagnosed from patients' blood samples. Medical records were reviewed and clinical manifestations and chest X-rays were analyzed. Results: Scrub typhus was diagnosed in 136 patients, with a mean age of 40.7 ± 21.5 years. The most common symptom was fever in 134 patients (98.5%), and the most common sign was eschar in 82 (60.3%). Chest X-rays were performed in 115 cases and showed abnormalities in 63 patients (54.8%). Patients with chest X-rays abnormalities had an increased incidence of cough (p < 0.001), septic shock (p = 0.006), congestive heart failure (p < 0.001), acute respiratory failure (p < 0.001), severe jaundice (p = 0.03) and acute renal failure (p = 0.007), and requirement for intensive care unit treatment (p < 0.001) and prolonged length of hospital stay (p = 0.002), compared with patients without chest X-rays abnormalities. Patients aged ≤ 16 years had an increased incidence of meningoencephalitis (p = 0.006) compared with the others. Patients aged ≥ 65 years had a higher incidence of complications and requirement for intensive care unit care (p = 0.02) compared with the other two groups. Conclusion: Patients with abnormal chest X-rays had higher rates of serious complications. Central nervous system infection was most frequent in pediatric patients. Patients aged ≥ 65 years had a higher incidence of serious complications. Physicians should have increased awareness of scrub typhus when caring for patients with acute febrile illness in endemic areas.
Introduction
Scrub typhus (tsutsugamushi disease), a chigger-borne rickettsial disease caused by Orientia tsutsugamushi (formerly called Rickettsia tsutsugamushi), is an acute febrile illness which prevails in eastern and southern Asia, northern Australia, and the islands of the Western Pacific region 1 . Scrub typhus has been endemic in Taiwan for many decades 2, 3 . A higher annual incidence has been reported in eastern Taiwan (Taitung, Hwalien), Tainan County, and offshore islands (Penghu County, Green Island, Orchid Island), but sporadic reports have been found in almost every county in Taiwan. Clinical manifestations include fever, headache, skin rashes, gastrointestinal symptoms, and lymphadenopathy 4 .
RADIOLOGIC PULMONARY FINDINGS, CLINICAL MANIFESTATIONS AND SERIOUS COMPLICATIONS IN SCRUB TYPHUS: EXPERIENCES FROM A TEACHING HOSPITAL IN EASTERN TAIWAN
Eschar is a characteristic skin lesion at the site of chigger feeding. The diagnosis of scrub typhus is based on the patient's history of exposure, clinical features, and results of serologic testing. Serious complications, such as pneumonitis, septic shock, acute respiratory failure, acute respiratory distress syndrome, meningoencephalitis, severe jaundice, peptic ulcer, myocarditis, congestive heart failure (CHF) and acute renal failure, have been reported [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . A high clinical suspicion and familiarity with the various radiologic findings of scrub typhus are important in providing early diagnosis and proper treatment, and thus helping to reduce patient morbidity.
Patients and Methods
From January 2001 to December 2007 in Mackay Memorial Hospital, Taitung Branch, 136 cases of scrub typhus were diagnosed. The diagnosis of scrub typhus was made from patients' blood samples based on serology using either the indirect microimmunofluorescent antibody for O. tsutsugamushi or polymerase chain reaction at the Center for Disease Control in Taiwan. We retrospectively studied the medical records from the patients infected with scrub typhus. We evaluated the following clinical symptoms, signs, and laboratory findings: fever, headache, cough, skin rashes, lymphadenopathy, abdominal pain, eschar, leukocyte count, blood urea nitrogen, serum creatinine, serum bilirubin, aspartate aminotransferase, and alanine aminotransferase. We also observed complications in these patients during their hospitalization.
Two pulmonary specialists or radiologists reviewed posteroanterior/anteroposterior chest X-rays (CXR) (n = 115), and a final diagnostic decision was reached by consensus. The reviewers were blinded as to the clinical information and outcomes of the patients. We assessed the presence, location and zonal predilection for the following parenchymal lung abnormalities: air-space consolidation, reticulonodular opacities, peribronchial infiltration, pulmonary congestion, and pulmonary edema. The presence of pleural effusion was also recorded.
Characteristics of the patient groups were compared based on the findings of the CXR (with or without radiographic abnormalities), and by age group (three age groups: ≤ 16 years, 17-64 years, and ≥ 65 years).
Septic shock was diagnosed as sepsis at a systolic blood pressure below 90 mmHg or a reduction of more than 40 mmHg from baseline, in the absence of other causes of hypotension. Acute respiratory failure was defined as acute onset of partial oxygen pressure of arterial blood (PaO 2 ) below 60 mmHg, with a normal or low PaCO 2 at room air (hypoxemic respiratory failure), with or without mechanical ventilator support. Acute respiratory distress syndrome was diagnosed as severe hypoxemia of acute onset at a ratio of PaO 2 to inspired oxygen fraction of 200 mmHg or less, and bilateral diffuse opacities on a frontal CXR when left atrial pulmonary capillary hypertension (pulmonary wedge pressure > 18 mmHg) had been excluded.
Meningitis was defined by clinical presentation as well as the presence of elevated white cell count (≥ 5 × 10 6 /L) in the cerebrospinal fluid. The diagnosis of CHF required acute onset in this study and the simultaneous presence of at least two major criteria or one major criterion in conjunction with two minor criteria as defined by the Framingham criteria 15 .
Acute renal failure was defined as an elevated serum creatinine above baseline, with a difference between peak and lowest serum creatinine of at least 0.5 mg/dL or a daily urine volume of < 400 mL during the acute phase. Hepatic dysfunction was defined as aspartate aminotransferase and/or alanine aminotransferase over 60 IU/L. Patients with previously known hepatitis were excluded. Severe jaundice was defined as bilirubin elevated three times above the upper limit of normal (> 60 μmol/L). A peptic ulcer was diagnosed by panendoscopy which revealed a newly active ulcer with or without bleeding, without any recent history of peptic ulcer disease. Acute pancreatitis was defined by clinical symptoms plus an increased amylase level and lipase levels at least three times the upper limit of normal. A total of 101 patients received an abdominal ultrasound scan. patients were male (69.9%), and 41 were female (30.1%). The mean age of all the subjects was 40.7 ± 21.5 years (range, 2-87 years) ( Table 1) . The most common site of eschar was the trunk of the body (n = 48, 58.5%) ( Table 2 ). Eschars were frequently found on the abdomen (12 cases), thighs (11 cases), upper extremities (10 cases), groin area (eight cases), and scrotum (eight cases). We observed impaired liver function tests in 109 of 127 patients (85.8%), and leukocytosis in 39 of 131 (29.8%).
CXR were performed in 115 cases, and the radiographs showed abnormalities (positive CXR) in 63 patients (54.8%) ( Table 3 ). The radiographic findings were reticulonodular opacities in 13 patients (20.6%), airspace consolidation in 13 (20.6%), peribronchial infiltrates in 13 (20.6%), pulmonary congestion in 10 (15.9%), pulmonary edema in nine (14.3%), and acute respiratory distress syndrome in four patients (6.3%). The radiologic lesions were bilateral in 52 patients (82.5%), of whom 26 (50.0%) had even distribution and 26 (50.0%) had lower lung predominance. Pleural effusion occurred in 27 patients (42.9%). One patient showed no parenchymal lesion but only a left-sided pleural effusion. Other serious complications included meningitis and/or meningoencephalitis in 16 patients (11.8%) and among these, proven acute disseminated encephalomyelitis occurred in one patient 16 . CHF was present in 15 patients (11.0%), acute respiratory failure in 15 (11.0%; of which 11 required ventilation support), septic shock in 13 (9.6%), severe jaundice in 10 (7.4%) and acute renal failure in nine (6.6%; of which one required hemodialysis). Peptic ulcer with/without bleeding was observed in 13 patients (9.6%) and acute pancreatitis in four (2.9%). Sixteen cases (11.8%) required intensive care unit (ICU) treatment. Minocycline, doxycycline or tetracycline therapy was given in 130 cases (95.6%). Two patients were discharged in unstable condition against medical advice and died on arriving home. Two cases were transferred to the respiratory care ward because of prolonged ventilator dependency post respiratory failure. All other patients were discharged with improvement in their clinical condition.
A total of 124 patients (91.2%) were admitted to hospital, the other patients (12 cases) received outpatient department treatment. The length of hospitalization was 8.3 ± 5.9 days, except for the two cases transferred to the respiratory care ward, as mentioned above.
Based on the presence of abnormalities on CXR in the 115 patients who underwent CXR imaging (Table 4) , abnormal findings in patients were associated with an increased incidence of cough (p < 0.001), septic shock (p = 0.006), CHF (p < 0.001), acute respiratory failure (p < 0.001), severe jaundice (p = 0.03) and acute renal failure (p = 0.007), and requirement for ICU treatment (p < 0.001) and a prolonged hospital stay (p = 0.002). There were no significant differences regarding patient age, sex, clinical symptoms such as fever, headache and abdominal pain, signs such as eschar, skin rashes, lymphadenopathy and hepatosplenomegaly, laboratory data such as leukocytosis and abnormal liver function tests, complications such as meningitis/meningoencephalitis, peptic ulcer and acute pancreatitis, and necessity of hospitalization, in patients with/without CXR abnormalities.
The incidence of CXR abnormalities was higher in age groups ≤ 16 and ≥ 65 years compared with the age group 17-64 years (p = 0.0062) ( Table 5 ). The p value of the χ 2 for association between age group ≤ 16 years and age group 17-64 years was 0.0018. The p value of the χ 2 test for association between age group ≥ 65 years and age group 17-64 years was 0.0012. Age of 16 years or younger was associated with an increased incidence of lymphadenopathy (p < 0.001), hepatosplenomegaly (p = 0.046), and meningitis and/or meningoencephalitis (p = 0.006), compared with the other two age groups. Age ≥ 65 years was associated with a higher incidence of CHF (p = 0.009), acute respiratory failure (p = 0.002), septic shock (p = 0.013), acute renal failure (p = 0.03) and severe jaundice (p = 0.03), and requirement for ICU care (p = 0.02), compared with the other two age groups.
The common radiographic findings in age group ≤ 16 years were reticulonodular opacities (38.5%) ( Table 6 ). Besides pleural effusion, peribronchial infiltrates (27.8%) were common in the 17-64 age group, and pulmonary edema (28.6%) and air-space consolidation (28.6%) were predominant in the age group ≥ 65 years. For the age group ≥ 65 years, pulmonary edema (28.6%) and peribronchial infiltrates (28.6%) were the predominant CXR abnormalities. However, when compared by group, there was no significant difference between any of the groups with regard to the pulmonary lesion pattern (Table 6 ).
Discussion
Scrub typhus is one of the most common infectious diseases of rural south and south-eastern Asia and the Western Pacific where an estimated 1 million cases occur each year, primarily among people engaged in logging, clearing of land, and working in rice fields 17 .
Hatori 18 reported the first large case study in Taiwan in 1915. O. tsutsugamushi, an obligate intracellular bacterium in the Rickettsiaceae family, is transmitted during the bite of larval-stage (chigger) trombiculid mites 1 . Field rodents are the reservoir hosts. Scrub typhus is confined to a definite geographic region. Reports of infection are becoming increasingly common in travelers returning from Asia to their home countries 19, 20 . The basic pathologic changes are focal vasculitis and perivasculitis of the small blood vessels in the involved organs 21 , arising from multiplication of the organisms in the endothelial cells lining the small blood vessels [22] [23] [24] . The classic case description includes an eschar at the site of chigger feeding, regional lymphadenopathy, and a maculopapular rash 1, 25 . An eschar at the wound site is the single most useful diagnostic clue 25 . An eschar usually occurs at sites of skin surface folds or where clothes bind, such as the axilla, groin, neck, waist and inguinal area (Table 2) 26 . The prevalence of eschar occurs in more than 60% of Asians studied (60.3% in our study) 8, 17, 22, 25, 27 . However, a low prevalence of eschars (3-7%) has also been noted in other South Asian studies 28, 29 . may be explained by the fact that patients were infected with different strains of O. tsutsugamushi 23 . Patients aged 16 years and younger had an increased incidence of lymphadenopathy (69.2%) and hepatosplenomegaly (60%) ( Table 5 ) compared with the other two age groups. This may imply an immune hyperreaction in pediatric patients because of an immature immunologic system. Scrub typhus is an acute febrile illness, and radiologic findings may be of value in its differentiation from other febrile diseases. The incidence of CXR abnormalities in patients with scrub typhus varied from 59.4% to 78% 22, [30] [31] [32] , and was 54.8% in our study. The pulmonary manifestations of scrub typhus include varying degrees of bronchitis and interstitial pneumonitis progressing to acute respiratory distress syndrome 33 .
The chest abnormalities of scrub typhus reported in the literature also include pneumonitis with patchy consolidation, cardiomegaly, pulmonary edema, pleural effusion, hilar adenopathy, and focal atelectasis 22, 30 .
Our study focused on parenchymal lung abnormalities. According to two previous studies that included extrapulmonary abnormalities, the most frequent findings were parenchymal lung lesions, which were apparent in 98.1% (53/54) of cases and in 98.3% (59/60) patients with CXR abnormalities 22, 30 . The fact that we did not include extrapulmonary lesions in our study may not, therefore, affect our results significantly. In addition, the cardiothoracic ratio may be misinterpreted in some of our patients who underwent portable CXR procedures while supine.
Interstitial pneumonitis, common among untreated soldiers during World War II 5 , was the most common histologic finding in those who died 10, 21, 34 . On plain CXR, reticulonodular opacities, bronchial wall thickening and centrilobular nodules were noted 22 . In our study, 20.6% of patients had reticulonodular opacities, compatible with interstitial pneumonitis. Pneumonia (air-space consolidation, 20.6%), or bronchitis pattern (peribronchial infiltrate, 20.6%) also played a role in the chest radiologic findings. Pulmonary congestion and edema were found in 30% of patients, which suggests cardiac involvement in this disease. Except for pulmonary congestion or edema, the main CXR findings were bilateral opacities with lower lung predominance, as previously described 22, 26, 30 . However, the above CXR patterns could be different stages of the same disease entity. Abnormal CXR findings were associated with only an increased incidence of cough (p < 0.001) in the symptoms and signs related to scrub typhus evaluated in our study. There were no significant differences in impaired liver function or leukocytosis in patients with and without abnormal CXR. However, positive CXR findings did correlate with serious complications, such as septic shock, CHF, acute respiratory failure, severe jaundice and acute renal failure, and requirement for ICU care and prolonged length of hospital stay, compared with patients with negative CXR findings. From the results of our study, serious complications almost exclusively occurred in the CXR positive patients except for meningitis and meningoencephalitis (Table 4) .
Pulmonary involvement is thus a well-documented complication of scrub typhus infection, and it is related to more severe complications as demonstrated by our report.
The incidence of CXR abnormalities was higher in age groups ≤ 16 and ≥ 65 years of age compared with the age group 17-64 years. In our study, age ≥ 65 years was associated with a higher incidence of CHF, acute respiratory failure, septic shock, acute renal failure and severe jaundice, and requirement for ICU care. A retrospective case-control study of patients aged ≥ 65 years, based on Medicare records of more than 15,000 community-acquired pneumonia patients, found that factors adversely affecting outcome included the number of comorbidities and age 35 .
Infectious disease is a common cause of increased morbidity and mortality in elderly patients and presents a frequent problem in the geriatrician's daily practice. Infections in the elderly are quite different from infections in the younger population. These differences arise from age-related alterations in immunology 36 . Because of these serious and frequent complications, mortality secondary to infection is higher in older than in younger patients 36 .
Scrub typhus involves multiple organs including the lung, heart and central nervous system (CNS), and is characterized by focal vasculitis or perivasculitis. Such microangiopathies may also involve the kidney (acute renal failure), gastrointestinal tract (gastrointestinal bleeding), liver (hepatic dysfunction and hepatomegaly), spleen (splenomegaly), and lymph node (lymphadenopathy) 22 . Moreover, acute pancreatitis was observed in four cases in our series, which suggests that even more organs are involved in this disease process.
Pleural effusion was a common radiographic feature in 12-55% of patients in previous studies 22, 26, 30 . In our study, pleural effusion occurred in 27 patients (42.9%), primarily combined with other parenchymal lesions.
Only one patient showed a left-sided pleural effusion that was not associated with other abnormalities. The existence of myocarditis in scrub typhus is easily ignored, because the symptoms of myocardial involvement are usually subclinical 6 . However, Sittiwangkul and colleagues 37 reported acute fulminant myocarditis in cases of scrub typhus that led to severe cardiogenic shock. In addition, a high incidence of clinical myocarditis with a number of fatalities was found in an outbreak of scrub typhus in Sumatra in 1940 11 . The main pathologic findings in tsutsugamushi myocarditis are vasculitis and perivasculitis, and cellular infiltrations consisting of primarily lymphocytes and plasma cells, with interstitial hemorrhage and edema 10 . Cardiomegaly may be present, which could be secondary to myocardial or pericardial involvement in the infection 38, 39 . Tsutsugamushi myocarditis may contribute to CHF 12 . In our study, myocarditis was not evaluated.
However, acute onset of CHF was found in 15 patients (11.0%), implying that cardiac invasion by scrub typhus may play a role in some cases. Liver involvement in scrub typhus is rarely mentioned in the Western literature. In our retrospective study, 109 of 127 patients (85.8%) who had aspartate aminotransferase and/or alanine aminotransferase evaluation showed abnormal levels, and 10 cases had severe jaundice, similar to the results of previous Asian studies which revealed hepatic dysfunction in 75-92% of patients 27, 40, 41 . Elevation of serum bilirubin was also found in these studies 27, 40 . Most patients showed a peak value in their abnormal liver function tests 2 weeks after the onset of symptoms 40 . Our study also suggested no age group predominance regarding hepatic involvement in patients with scrub typhus. The importance of liver function tests when confronted with a patient with acute febrile disease of unknown etiology should not be ignored. Prospective studies are necessary to clarify the role of scrub typhus in relation to hepatitis in the future. The possibility of scrub typhus should be strongly considered in a patient with fever and hepatic function impairment in endemic areas. The major endoscopic features that can develop in scrub typhus are superficial mucosal hemorrhage, multiple erosions and ulcers without any preferred site, and unusual vascular bleeding 14 . In a study by Kim et al. 14 , 58 of 256 patients had gastrointestinal symptoms and underwent panendoscopy, and 17 patients had ulcers. In our study, 42 patients had abdominal pain (30.9%), and 13 were diagnosed with peptic ulcer (five with active bleeding) by endoscopy. Our data, however, may overestimate the presence of ulcer, because stress ulcers were accompanied by comorbidities (e.g., septic shock). Acute pancreatitis associated with pancreatic abscess in one patient with multiple organ failure has been reported 42 . Hyperamylasemia and hyperlipasemia have been reported previously in a case of scrub typhus 43 .
Acute pancreatitis associated with scrub typhus has rarely been reported in the literature, and less than 3% of patients in our study had this complication. The mechanism responsible of the development of acute pancreatitis may involve an intrinsic inflammatory process via vasculitis, but the precise nature of this mechanism is not well understood 42 .
Renal complications have rarely been described previously, but are not as rare as previously thought. Tsay and Chang 6 reported that three of 36 patients (8.3%)
had acute renal failure. Lee et al. 31 and Lee et al. 44 also described acute renal failure as one of the complications in patients with scrub typhus. During the febrile phase of the illness, 20% of the patients had abnormal urinalysis, showing proteinuria almost exclusively 45 .
The renal pathology usually shows characteristic focal interstitial lesions, cloudy swelling of the tubular epithelium, occasional evidence of severe vascular damage, and glomerular injury 21 . In our study, nine of 136 patients (6.6%) had acute renal failure. One noteworthy finding was that in eight of our patients, acute renal failure was accompanied by septic shock, which may have precipitated the deterioration of renal function. The role of scrub typhus infection in renal impairment necessitates further research. CNS involvement is another complication of scrub typhus 46 . It ranges from aseptic meningitis to frank meningoencephalitis. Meningoencephalitis is a constant autopsy finding in fatal cases of scrub typhus 
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■ ■ involvement in our study. The findings of slight pleocytosis with mild protein elevation and normal sugar values in the cerebrospinal fluid in our cases are similar to those found in other studies 48 . Moreover, in our study, CNS involvement was not associated with positive CXR findings (p = 0.31), and patients ≤ 16 years old in our series had a higher incidence of CNS infection (30.8%; p = 0.006) compared with the two other age groups studied. In other series involving small numbers of pediatric patients (15-30 patients), aseptic meningitis ranged from 3% to 20% 8, 49, 50 . An immature immune system may only partially explain why pediatric patients are vulnerable to CNS infection, because different mechanisms may operate in the childhood form of meningitis; further research is thus required.
In conclusion, radiologic abnormalities in scrub typhus are not rare (54.8% in this study) and the findings vary. A high prevalence (> 50%) of fever, headache, cough, eschar and abnormal liver function tests were also found. Serious complications including pneumonitis, septic shock, acute respiratory distress syndrome, acute respiratory failure, meningitis/meningoencephalitis, CHF, severe jaundice, acute renal failure, acute pancreatitis and peptic ulcer were common. Patients with abnormal CXR findings had a higher rate of serious complications compared with patients with negative CXR results. CNS infection was most frequent in pediatric patients. Patients aged ≥ 65 years had a higher incidence of serious complications compared with other age groups. Physicians should keep scrub typhus in mind when diagnosing patients with acute febrile illness in endemic areas or with a recent travel history to endemic areas.
